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Abstract 
The article describes developed and implemented technologies in the field of rare earth elements. Besides, new promising 
technologies for the realization of the work, carried out at the Department of Chemistry MEPhI in recent years, are represented. 
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1. Introduction 
Joint works of MCTI named after D.I. Mendeleev and  Moscow polymetals plant (MPP) in the field of chemistry 
and technology of extraction separation of rare earth elements (REE) has been conducting since 1965. After the 
closure of REE production at MPP, the authors of the developments continued their studies in the field of REE 
technology in MEPhI. Changing of Russian raw material base required not only to be engaged in extraction 
technology but to develop hydrometallurgical technologies of REE extraction from other sources. 
In the early studies of the authors, main attention was paid to the study of the extraction of REE micro and macro 
amounts by the mixtures of tri-n-butyl phosphate (TBP) and some other neutral organophosphorus compounds with 
reagents of other classes: nitrate anion exchange of trialkylmethylammonium (TAMA), cation exchange di-2-ethyl-
hexyl phosphoric acid (D2EHPA) and some others. It has been determined that the use of mixtures of extractants 
can improve the selectivity of separation or decrease the tendency of the system to sedimentation1. 
For the separation of REE when using the mixtures of extractants, the character of extraction isotherm and 
increase or decrease of the distribution coefficients (D) in the REE series with increasing of their atomic number (Z) 
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play an important role. In assessing the possibility of using a mixture of extractants for the REE separation it is 
function D = f (Z) which is decisive. 
The application of mixtures leads to a change in the nature of dependencies D = f (Z), that allows to: 
x increase the selectivity of the group separation,  
x increase the selectivity of separation of neighboring REE, 
x separate one element from the others if this element changes its position in the REE series. 
On the basis of the conducted studies, the following technologies given below, were developed and implemented. 
2. Implemented Technologies 
2.1. Technology of REE Separation of the Middle Group  by the Extraction of TBP and TAMA mixtures  
In the extraction of nitrate weak acid solutions (less than 0.5 mol /l of nitric acid), TBP mainly extracts the 
elements of the middle group with a maximum on neodymium-europium. Due to the peculiarities of filling of 4f 
shell in gadolinium (4f7), failure of the distribution coefficient of this element is observed and there are 
prerequisites, which in case of  favorable conditions, allow to separate samarium and partly europium  from 
gadolinium. But even in this case, separation coefficients samarium – gadolinium, and especially, europium – 
gadolinium do not exceed values of 1.2-1.4, which is insufficient for effective separation. When TAMA is added to 
TBP due to synergetic effect, separation coefficients increases to 1.5-1.6. It helped to provide a countercurrent 
process for the separation of cerium REE, samarium and europium from gadolinium. 
The process was carried out at MPP on two countercurrent cascades with obtaining samarium concentrate and 
gadolinium concentrate. It became possible thanks to the industrial implementation of TAMA synthesis by the 
method developed with the participation of V.V. Sergievskiy in MCTI named after D.I. Mendeleev. 
2.2. Gadolinium Extraction Technology  
To extract an individual rare earth element form the sum of REE, at least two cascades are required: one cascade 
to separate more extractable elements and the other one to separate less extractable elements. 
To extract gadolinium, a two-stage technology was developed and implemented into production at MPP. This 
technology involves a cascade of separation of terbium and more extractable REE by mixture of D2EHPA and TBP 
and cascade of final purification from cerium REE by the mixture of TBP and TAMA. The technology provided 
obtaining of gadolinium oxide with the content of the basic substance more than 99.9%.  
2.3. Technology of Purification from the Impurities of Europium and Gadolinium  
An extractant, containing TAMA with the addition of TBP, was used for the purification of samarium 
concentrate from europium impurities. The process was carried out on the 70-stage cascade construction of 
centrifugal extractors of Research and Design Institute of Installation Technology (RDIIT). The concentration of 
europium in samarium decreased to 0.03-0.05 wt. %, which allowed to obtain metallic samarium, suitable for the 
production of samarium-cobalt magnets. 
2.4. Technology of Terbium Extraction from the sum of REE 
Two-cascade technology of terbium extraction with the concentration of the basic substance of 99.9% by the 
extraction of TBP and  D2EHPA mixture was developed and implemented at MPP. In the first cascade, samarium, 
gadolinium and less extractable elements were separated from terbium and in the second cascade, dysprosium, 
holmium and  more extractable elements were separated. Application of a mixture of extractants allowed to prevent 
the formation of sediments and increase the productivity of the process. 
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2.5. Erbium Extraction Technology 
To extract erbium from the sum of REE, two-stage technology, based on the use of mixture of TBP 
with D2EHPA and isododecylphosphoric acid (IDDPA), was developed. To separate holmium, dysprosium and less 
extractable elements, IDDPA was used, synthesis technology of which was developed in All-Russia Research 
Institute of Chemical Technology (ARRICT). 40–50 % concentrates of erbium were obtained on the countercurrent 
extraction cascade.   
The results of the carried out works are protected by more than 40 copyright certificates. 
3. Developments of Recent Years 
During the period of 2006-2008, studies were carried out. Separation technology of REE, extracted from loparite, 
produced by Solikamsk magnesium plant, was implemented in the firm "Irtysh rare-earth company" (Kazakhstan). 
The technology includes two extraction cascades, 80 stages each. Extractant - 100% TBP. After the separation of 
cerium by electrooxidation and extraction, the sum of cerium REE enter the first cascade.  Here, the separation is 
carried out according to the line praseodymium-cerium. In the second cascade, the separation according to the line 
neodymium-samarium is carried out. Products, ready for the implementation, were obtained: didymium concentrate 
containing (wt.%): praseodymium - 24-26, neodymium - 74-76, lanthanum <0.01, cerium <0.01, samarium <0.01, 
europium and gadolinium <0.005, samarium concentrate with the concentration: samarium – 63-66, neodymium – 
8-9, europium – 7-9, gadolinium – 10-12, and 92-93% concentrate of lanthanum1. 
Among the prospective for implementation works conducted at the Department of Chemistry NRNU MEPhI, 
new and improved technologies for the extraction of pure oxides of gadolinium, dysprosium and erbium should be 
mentioned. Application of TAMA salts appeared promising for other process stages as well. Currently, works on the 
creation of technology of salt of quaternary ammonium bases of the second generation are being conducted. 
4. Expansion of the Raw Material Base 
The Department of Chemistry NRNU MEPhI  is developing efficient methods of REE extraction from 
Krasnoufimsky monazite 2–4, from the solutions of reprocessing of apatite phosphogypsum and "kularit" - a mineral 
released from the waste of gold extraction5,6. The features of REE extraction from phosphate rare earth concentrates, 
their extracted nitrogen-phosphate apatite solutions of reprocessing were studied. The optimal conditions were found 
and the technology of REE extraction from these products was suggested. 
To extract REE from phosphogypsum, a technology was developed. Its reprocessing products are purified 
phosphogypsum containing less than 0.1% of fluorine and less than 0.2% of phosphorus, or recrystallized 
phosphogypsum for construction products, 15-20% REE concentrate and reciprocal solution containing ammonium 
phosphate. 
5. REE Extraction in Nitrate Reprocessing of Apatites  
The Department of Chemistry NRNU MEPhI  jointly with STI NRNU MEPhI  suggested and investigated 
methods of simultaneous REE extraction from effective nitrogen-phosphate solutions. These methods can be divided 
into sedimentation and extraction. This gives primary rare earth phosphate concentrate which requires further 
reprocessing. 
In the extraction reprocessing, it should be taken into account that original apatite contains a small amount of 
radioactive elements: uranium (10-100)·10-4 wt. % and thorium (30-200)·10-4 wt. % with the ratio of Th/U = 2-5. In 
general, radioactive elements are in a technological chain together with REE. When concentrating REE, their 
concentration can rise to significant quantities. In this connection, it is necessary to provide a process stage to 
remove these impurities. In the suggested method of extracting REE, radioactive elements are separated by a 
sedimentation method together with ballast impurities. The necessity of separating such impurities  as titanium and 
iron is caused by the choice for the subsequent affinage and separation of extraction method which is sensitive to 
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sedimentation, especially gels, during the process. This will allow to extract in a countercurrent process with a 
significant number of stages (up to 60 stages of separation) with decrease of probability of a third phase formation. 
Moreover, it is necessary to consider that thorium and uranium can also be extracted by 100% tri-butyl phosphate 
(TBP): the comparison of the distribution coefficients (D) of thorium and REE in the presence of salting-out agent is 
given in Table 1. In the absence of salting-out agents, the distribution coefficient of thorium is 1.5-1.7 times greater 
than the distribution coefficient of REE  and uranium - in 130–150 times. 
Table 1. The distribution coefficients of nitrates of thorium and cerium (III) between 100% TBP and aqueous solution depending on the 
concentration of nitric acid 
[HNO3]aqueous. М DTh [HNO3]aqueous. М DCe 
[Th]aqueous. = 1.9 g/l [Ce]aqueous < 1 g/l 
0.15 0.29 0.27 0.028 
0.20 0.41 0.72 0.099 
0.49 0.88 0.98 0.123 
1.13 1.04 1.82 0.168 
1.59 1.12 2.38 0.172 
2.06 1.25 - - 
 
Thus, the separation of the main part of the impurities before extraction process stage is a prerequisite for 
conducting the process in the normal mode. In this regard, the following sequence of operations was used.  
Hydrate phosphate sediment of REE was obtained according to the standard method of apatite opening by nitric 
acid, freezing-out of calcium nitrate and removing of fluorine by sodium fluorosilicate. Further, hydrate phosphates 
of REE were extracted from the obtained sediment at pH =1.6 and they were separated by filtration. The resulting 
sediment contained (depending on the humidity) (wt.%): REE oxides - 20-25%, titanium – 0.16, thorium – 0.05, 
uranium – 0.01, impurities of iron (III) and aluminum. 
The sediment was dissolved in nitric acid with neutralization of excess nitric acid by the initial sediment and 
salting-out agent was administered: ammonium nitrate or calcium nitrate. The pulp was filtered. To the filtrate, 
ammonia or ammonium hydroxide was added to pH = 2.5-3, and sediment was separated by filtration. In the 
sediment, impurities are concentrated: iron, aluminum, thorium, titanium, uranium, and REE partly. Then, initial 
solution was added to pH 1.5-2 to the sediment and the secondary sediment of the impurities was separated by 
filtration. The secondary sediment of the impurities contains a minimum amount of REE. The sediment was 
removed from the process and the filtrate was sent to the head of the process. 
The principal sum of REE is contained in the first filtrate released from the most part of the radioactive (thorium 
in the recommended mode is practically removed, uranium - up to 70%) and ballast (e.g. titanium is fully removed) 
impurities by the sedimentation. 
The resulting solution of the sum of REE and the remaining part of the impurities were sent to the extraction 
process stage. The filtrate was prepared for the extraction affinage stage as follows:  salting-out agent  (ammonium 
nitrate or calcium nitrate) and nitric acid were added to the solution to 0.5-1.0 mol/l. 100% tributyl was used as 
extractant.  
Our schematic block diagram of the process of extraction affinage and REE separation is shown in Fig. 1. 
6. Conclusion 
Further reprocessing of rare earth element-containing solutions should be carried out in sequence:  
x reextract (solution 1) should be divided into two parts: the first part should be sent to separate  REE into groups, 
the second part (15-20%) - to the stage of washing of the organic phase; 
x carry out electrolytic oxidation of cerium (Ce-III up to Ce-IV), after that solution 2;  
x carry out extraction separation of REE into groups, according to the scheme of a countercurrent process. At the 
same time, a basic element of an extraction unit is extraction cascade, consisting of 50-90 stages of separation 
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(the exact number of the stages in the unit is determined by the given degree of enrichment, degree of extraction 
of separated product and separation coefficient).  
 
Figure 1. Schematic block diagram of the process of extraction affinage and REE separation 
Besides, in the first separation cascade, separation should be carried out according to the line Nd-Sm ( reextract - 
solution 3 and raffinate - solution 4 were obtained), in the second - according to the line Pr-Ce.  
In the second separation cascade, reextract - didymium (solution 5) and raffinate - (solution 6) are obtained. 
Didymium can be finished products and be used as raw material for producing high-energy  permanent magnets 
based on the system Nd-Fe-B, and as a raw material for the extraction of pure neodymium. Also, pure lanthanum 
can be extracted from raffinate. 
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